Background: Soil erosion is one of the major causes for food insecurity, and environmental degradation in Ethiopia. To reduce erosion effects, soil and water conservation practices have been promoted at farm level and watershed scale-executed via mass-community mobilization program. In Lemo district, little information is available on suitability of soil conservation practices implemented through this program. The aim of this study was to assess technical fitness of physical soil conservation structures implemented via mass-community mobilization, its effect on soil properties, and extent of farmers participation in soil conservation practices. Field observation and physical structure component measurments were used to assess the technical fitness. Whereas, composite soil samples were collected from steep, moderate and gentle slope classes to evaluate the effects of conservation practices on soil properties. Structured questionnaire was used to assess the farmers participation in soil conservation.
Background
The global agricultural production and productivity has been challenged with soil erosion related problems. Almost all lands in Sub-Sahara Africa (SSA) are prone to soil degradation, and Ethiopia is among the most affected countries (Vlek et al. 2008 ). Every year, about 10 million hectare (ha) of croplands are abandoned globally (Pimentel 2006) and 6.5 million ha in Africa (Mekonen and Tesfahunegn 2011) . Due to erosion, about 12 tons (ha/year) of soils in lost every year in Ethiopia, and the economic impacts of this loss is estimated about $139 millionwhich is 3-4% of agricultural growth domestic product (GDP) of the country (Demelash and Stahr 2010) . Erosion affects soil physical conditions (e.g., reducing soil depth, water-holding capacity), and chemical properties (e.g., nutrient depletion) that affect agricultural production (Hurni et al. 2010 ). In addition, soil erosion causes negative effect on environment, agronomic productivity, food security and the overall life quality (Atnafe et al. (2015) .
In 1970s, soil and water conservation program was incited in Ethiopia with the support international organizations to reduce soil degradation, improve agricultural production, enhance food security and reduce poverty (Gashaw et al. 2014) . The focus of this program is construction of physical structure such as terraces and stone bunds (Alemu and Kidane 2014) . Recently, nationwide soil and water conservation campaigns (mass-community program) are promoted to ensure sustainable watershed development, food security and socioeconomic development (Meshesha and Birhanu 2015) . Most of the conservation practices introduced via this campaign are able to reduce soil erosion in highlands of Ethiopia; for example soil bund reduce erosion by 30.5%, improve infiltration, reduce surface runoff and soil loss, improve basic soil conditions (pH, CEC, OC etc.) , and increases crop yields (Ayalew 2011; Wolka et al. 2011; Adimassu et al. 2013; Sinore et al. 2018) .
However, soil and water conservation technologies are not equally successful or effective in many parts of Ethiopia. Level of farmers participation in soil conservation activities are influenced by inadequate expert follow-up and assistance, farmers landholding size and technical skills (Wolka and Negash 2014; Mekonen and Tesfahunegn 2011; Sinore et al. 2018) . Nowadays, millions hectare of lands are covered with soil and water conservation practices. But, successful stories are reported from northern Ethiopia and scientific evidences that justify the success of soil conservation technology in southern Ethiopia including of Lemo district are limited. The information on suitability of soil and water conservation measures implemented in Lemo district will assist the stakeholders (farmers, development agents, decision makers) in the selection, design and proper implementation of conservation measures for better outcomes. Therefore, the objectives of present study were to assess; (1) technical fitness of physical soil and water conservation structures implemented in the study area, (2) effect of the implemented structures on selected soil physicochemical properties, and (3) factors affect levels of farmers participation in soil conservation practices.
Methods

Description of the study area
The study area-Lemo district is located in Hadiya Zone, Southern Nation Nationalities and People's Regional State (SNNPRS), Ethiopia (Fig. 1) . The district is located in south of Addis Ababa the capital of Ethiopia and near to Hossana town-the administrative centre of Hadiya zone. The district is 232 km away from Addis Ababa and 15 km from Hossana. Geographically, Lemo is situated between 7°22′00″-7°45′00″N latitude and 37°40′00″-38°00′00″E longitude.
The study area has 1-7% flat to gentle slope, 7-15% moderate slope, and 15-30% steep slope. The coverage of flat to gentle slope 54.3%, moderate slope 5.4%, and steep slope 40% (LWARDO 2009 ). Lands at different slope classes are used for crop production-both annual and perennial (85.96%), grazing (4.24%), natural and plantation forests (6.2%), and unproductive land covers 3.6%. The mean annual rainfall varies from location to locations, and ranges from900 -1400 mm (MOARD 2005) , whereas the minimum and maximum temperatures are 13 and 23 °C, respectively. The dominate soil types of the area is nitisol and vertisol (FAO 2006) .
According to CSA (2007) , total population of Lemo district is 118,594 composed of 58,666 male and 59,928 female. Regarding place of settlement, 1.73% of the population lives in semi-urban and the rest in rural area. Subsistence mixed agriculture (crop and livestock) is the major livelihood basis of rural settlers. Fully, nature dependent subsistence agriculture is exercised for centuries, and land degradation is becomes one of major constraint for agricultural production and productivity. Currently, soil and water conservation structures implemented by mass-community mobilization program and individual farmers initiative are become popular solution to minimize the impacts of land degradations.
Methods of data collection
Direct field observations and measurements of physical soil and water conservation structures (graded soil bunds) implemented via mass-community mobilization campaigns were used to assessed technical fitness of conservation practices in the study area. The observations and measurements were made on nine separate fields situated at gentle, moderate, and steep slope classes. The field measurement of soil bunds embankment height, embankment top width, embankment bottom width, ditch depth, ditch size, berm length, vertical interval, and space between bunds were carried out using tape meter, water level, string (rope) and graduated poles. The measured bund components were compared against nationally established specifications based on soil texture, slope and agro-ecological zones (Table 1) to identify limitations of the implemented soil and water conservation structures.
The composite soil samples were collected from croplands situated at moderate, steep and gentle slopes treated with soil bund through mass-community mobilization program. The soil samples were collected from 1, 2, and 4 m away from soil bunds using auger at 0-15 cm sampling depth. Total of 27 composite samples were collected for laboratory analysis (3 slope classes * 3 sampling intervals * 3 replications). In addition, undisturbed core samples were collected to determine soil bulk density and moisture content.
A structured questionnaire was used to assess factors affect the levels of farmers participation in soil and water conservation practices in Lemo district. The questionnaire was administered to representative household heads found in the three slope positions (steep, moderate steep and gentle). The respondent household sample size was determined using Cochran's (1977) formula with marginal error of 5% and confidence interval of 95%. Accordingly, 129 respondent household heads were selected for questionnaire survey. A proportional sampling technique was employed to decide the numbers of respondent household from each slope class (Table 2) . Lists of household heads recorded at Village (locally called Kebele) administrative office was used as sample frame for random selection of the households for face-to-face interview. Besides, focused group discussions (FGD) and key (2004) informants (KI) interviews were used to triangulate and supplement the information acquired from household survey.
Soil laboratory analysis
All of the soil parameters were analysed at Soil Laboratory of College of Agriculture and Veterinary Medicine, Jimma University. The samples were air dried, grounded, and passed through 2 mm soil sieve mash for soil texture, reaction (pH), electrical conductivity (EC), organic carbon (OC%), total nitrogen (TN%), available phosphorous (Av.P ppm), and cation exchange capacity (CEC meq/100 g) analysis. Soil particle size distribution was determined using hydrometer method (Waling et al. 1989 ) in which hydrogen peroxide (H 2 O 2 ) was used to destroy organic matter whereas, sodium hexametaphosphate (NaPO 3 ) 6 and sodium carbonate (Na 2 CO 3 ) were used as dispersing agent. Bulk density was determined by core method, the ratio of solid mass to total volume of core sample after the soil dry in oven for 105 °C for 24 hrs (FAO 2007) . The soil reaction (pH-H 2 O) was measured using pH meter method. The pH meter glass electrode was inserted in the suspension of 1:2.5 (soil: water on a mass to volume basis) after calibrating the pH meter with buffer solution of pH 4 and 7. Similarly, soil EC was measured using the glass electrode method within the suspension of a 1:2.5 (soil: water on a mass to volume basis) using EC meter. Total nitrogen was determined using Kjeldahl digestion-distillation and titration procedures (Bremmer 1996) . Soil organic carbon (OC) was determined following Walkley and Black (1934) wet digestion and titration method whereas soil organic matter content was computed from OC. The soil available phosphorous (Av. P) was extracted using Bray-II method (Van Reeuwijk 1992) and P in the extract was measured via spectrophotometer at wavelength of 882 nm. Soil cation exchange capacity (CEC) was determined after leaching the soil sample with ammonium acetate method (1N NH 4 OAc) at pH 7.0 (Waling et al. 1989 ).
Data analysis
The two-way factorial analysis of variance (ANOVA) was used to test the effects of slope and sample distance on basic soil property. The ANOVA was preformed following General Linear Model (GLM) procedure at probability (P) of .05 and confidence interval (CI) of 95%. After checking the assumptions of ANOVA, main and interaction effects of the independent variables (soil parameters) were analyzed using SPSS version 20 software (IBM Corp 2011). Normal distribution and confidence interval of soil dataset was tested using Shapiro-Wilk test; null hypothesis of the test was that, soil samples were normally distributed, and the test value was significant at 5% confidence interval (CI) the distribution will be non-normal. Finally, Chi square test was used to assess the effect of socio-economic and demographic factors on farmers participation in soil conservation practices.
Results and discussion
Technical fitness of physical soil and water conservation practices
Graded soil bund was the common soil and water conservation structure build at croplands situated in different slope classes; steep, moderate and gentle. Except space between successive bunds and vertical intervals, the rest components of bunds were compatible with the national specifications (Fig. 2) . The space between successive bunds built on croplands at the three slope classes through mass-community mobilization program was meaningfully wider than the recommended standards. The interviews conducted with Focused Group Discussion (FGD) and key informant (KI) revealed, the main reasons for the presence of wider space between bunds were lack of sufficient technical support during bund design and layout, misunderstand on the importance space between bunds, and focus on quantity (i.e., area coverage with bund) rather than quality of the work. In addition, wider spaces between bunds were preferred by farmers to minimize possession of cultivable areas with physical structures. Unlikely, wider space between bund may cause the formation of rills and gullies in cropland and needs more labour for maintenance of bunds. Meshesha and Birhanu (2015) reported, the substandard physical structure are ineffective in controlling erosion and require immediate repairs. An inadequate technical support for farmers is reported as causes for ineffective soil and water conservation practices (Wolancho 2015) .
When the space between soil and water conservation structures is wider than the required space, the risk of soil erosion on cropland will increase (Masresha 2014; Molla and Sisheber 2017) . On top of this, the vertical interval of bunds in the study area was lower than national standard, this could facilitate surface run off and destruction of bunds as well as croplands via allowing accumulation of water in the bunds. As rainwater accumulated inside the structures, soil erosion and runoff damage the constructed structures. This agrees with Molla and Sisheber (2017) who reported, when vertical interval of graded soil bund is lower than the required standard huge amount of runoff can be generated and cause damage to bund embankment and croplands.
Effects of graded soil bund on soil properties
The normal distribution test result presented in Table 3 revealed; the significant test values of the all soil parameters were greater than the chosen alpha level (P > .05). This indicates the soil samples were normally distributed among the slope classes and ability to represent the study area where the sample came. Thus, the null hypothesis that the soil samples came from a normally distributed population was accepted and alternative hypothesis was rejected. Shapiro-Wilk normality tests with P value greater that .05 shows normal distribution of the datasets (Ghasemi and Zahedias 2012). The two-way factorial ANOVA test showed, the interaction effect of slope position and soil sample distance was not significantly (P > .05) affected soil particle size distribution, moisture content, bulk density, pH, EC, OC, TN, CEC and Av.P (Table 4) . Similarly, soil-sampling distance from bunds was not significantly (> .05) affected the studied soil properties. However, slope position was significantly (P < .05) affected soil clay content in the study area (Table 4) . A high clay proportion was observed at gentle slope and low at steep slope, as the slope gradient increases clay content declined.
The difference in clay proportion among slope positions could be due to the influence of topography (slope) and past erosion events that removed clay from steep slope and deposited at gentle slope area. Previous studies show, slope positions has meaningful effect on soil texture through its influence on soil formation and erosion processes (Selassie et al. 2015; Bezabih et al. 2016 ). Other finding also reported, soil and water conservation structures influence the processes of soil erosion and deposition at different slope position (Ademe et al. 2017) .
As shown in Table 4 , soil moisture content was significantly (P < .05) affected by slope positions. The soil moisture increases along the slope gradient; this is due the nature of water movement, low bulk density, clay content and soil organic matter content. Challa et al. (2016) reported, soil moisture increase at low bulk density and high soil organic matter content. Further, statistical analysis shown, soil bulk density was significant (P < .05) affected with slope position. The lowest bulk density was recorded at gentle slope (1.03 g cm ) and highest at steep slope (1.19 g cm
−3
). The change in soil bulk density along slope position was attributed to soil organic carbon and clay fraction. This coincides with Hailu et al. (2012) who stated, bulk density raise with organic carbon, and accumulation of crop residues. Moreover, soil bulk density is directly related with slope position, as the slope increase bulk density also increased and vice versa (Bezabih et al. 2016) .
Soil reaction was significantly (P < .05) affected with slope positions, high pH value was observed at gentle (2015) who reported, the presence of lowest soil pH at gentle slope associated with removal of basic cations due to intensive and continues cultivation. Electrical conductivity (dS/m) was significantly (P < .05) changed with slope positions, relatively higher EC (.68 μs/cm) was found at gentle and lower (.35 μs/cm) at steep slope. This occurs due to removal of basic cations with erosion from steep slope and accumulation at gentle slope areas associated with high rainfall of the area. This is consistent with Bezabih et al. (2016) ; EC differs along slope position due to runoff and soil erosion processes that affects soil basic cations. Soil organic carbon and total nitrogen were significantly (P < .05) influenced with slope positions, the highest amount was found at gentle slope and lowest at steep slope. This could be due to the removal of organic matter through erosion and surface runoff from steep slope and deposition in gentle slope, and presence of better soil moisture at gentle slope. Earlier study show, soil organic carbon content increases with moisture content and clay deposition at lower slope position (Hailu et al. 2012 ). Aytenew (2015) reported, soil nitrogen content decrease with increasing slope; the content is low at steep slopes and high at gentle slope position. In case of soil cation exchange capacity, significant (P < .05) difference was observed along slope positions, the highest amount was found at gentle slope and lowest at steep slope (Table 4) . The highest CEC at gentle slope was associated with high soil clay and organic carbon content. Former studies show, high soil CEC at gentle slope is related with the deposition of clay minerals and organic matter into lower slope positions, and CEC decreases as clay and organic matter content of soil decrease (Aytenew 2015; Bekele et al. 2016 ).
Factors affect farmers participation in soil and water conservation practices
About 95.3% of the respondent household heads acknowledged the presence of soil erosion (in the forms of rill, sheet and gully) problem on their croplands whereas 4.7% did not recognized the problem (Fig. 3) . Among the farmers' acknowledged the presence erosion problems on their cropland, 27.9% perceived the problem as severe on their cropland, 41% as moderate and 26.4% as minor. Farmers perception and understanding about the degree of erosion problem on their cropland govern their willingness and participation in soil and water conservation activities. This agrees with Tesfaye and Kasahun (2015) who reported, most farmers easily identify the problem of soil erosion in their cropland. Framers understanding on erosion problems determine their engagement in soil and water conservation practices . Farmers who had better understanding of soil erosion problem would take conservation action earlier and invests more resources on conservation practices Table 4 Main and interaction effects of slope and soil sample distance from bund on basic soil properties *** Significant at P-value < .001; ** significant at P-value < .05; ns non-significant at P-value > .05 to minimize the impacts of erosion on their cropland. In addition, interviews conducted with focus group discussion (FGD) and key informants (KI) revealed the spatial variability of soil erosion (moderate, sever and minor) due to topographic, livestock grazing pressure, soil conservation practice adoption, steep slope cultivation, and improper farming systems. Spatially, more soil erosion problems were reported from steep slope areas, farmers situated at the steep slope areas were more likely to participate in conservation practices than the others. As presented in Table 5 , 93.5% of farmers participated in soil and water conservation activities were 26-64 years old while 6.5% were over 64 years old. The chi-square test statistics indicated; household head age, educational level, family size, and cropland access means were not significantly (P > .05) influence farmers participation in soil and water conservation activities. Whereas, household land holding size, farmland slope, contact with development agents (extension workers), and access to conservation training were significantly (P < .05) influence the participation of farmers in soil and water conservation activities. The lowest landholding size in the study area was below .5 ha and the highest was above two ha; only 8% of farmers using soil and water conservation had above two ha cropland. This implies participations of farmers with relatively larger land holding size are better than the smaller size. Previous studies indicate, farmers having larger farm sizes are interest to implement conservation technologies in their cropland than the others Abebe and Sewnet 2014; Sinore et al. 2018 ).
Source of variations
Among farmers participated in soil and water conservation activities, 32% had croplands on moderate steep slope, 49% on steep slope, and 19% at gentle slope (Table 5) . A slope situation of cropland determines farmers adoption of soil and water conservation technologies (Birhanu and Meseret 2013; Gebre and Weldemariam 2013) . Atnafe et al. (2015) also reported as the slope gradient of cropland increases the probability of soil erosion risk increases and farmers use soil and water conservation practices.
Most of the farmers preformed soil and water conservation activity on their croplands had frequent contact with extension workers (DAs), and attends training provide by different stakeholder (e.g., NGO). Other studies indicated, contact with local extension workers, and access to training on soil conservation technologies improve farmers participation in soil conservation practices (Birhanu and Meseret 2013; Atnafe et al. 2015; Sinore et al. 2018) . The knowledge and skills obtained from extension workers and training improve farmers decision and execution of soil and water conservation technologies (Getachew 2014) .
Conclusions
Mass-community mobilization based physical soil and water conservation practices is one of the most important approaches used to address soil erosion and land degradation problems at national level. Most of the physical soil and water structures built through this program in Lemo district has technical problems on space between bunds and gradient of graded bund. These limitations are potential causes for soil conservation structures malfunction, and sometimes aggravate erosion problems through facilitating conditions further erosion. Soil clay content, bulk density, moisture content, reaction, electrical conductivity, organic carbon, total nitrogen, and cation exchange capacity are changed with slope gradient; these soil properties become better at gentle slope than the steep. However, the contribution of graded soil bund for soil property improvement is relatively uniform among slope classes (steep, moderate and gentle). The observed difference in soil properties between slope classes is due to the effects of topography and past erosion events.
In the study area, most of the household heads participanted in soil conservation activities. Farmers land holding size, cropland slope, access to soil and water conservation trainings, and contact with extension workers are positively influence their participation in conservation activities. General, through providing quality extension services and training on soil and water conservation practices it is possible to enhance farmers participation and correct the technical limitations in bund spacing and vertical interval in the study area.
Final, future research on joint effects of topography (slope classes), conservation practices (soil bund), and space between consecutive bund on soil loss should be done. 
